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CONSTITUTION: In a gate electrode of a transistor formed on a 
semiconductor 

single crystal substrate there is epitaxially grown an oxide thin film on the 
semiconductor single crystal substrate 1 which exhibits mismatching of an 
intermediate distance in a unit lattice being 30% or less at an interface 
between the semiconductor single crystal substrate and the gate electrode, 
and 

further on the oxide thin film 4a highly oriented ferroelectric thin film 5 is 
laminated in succession. 
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' * NOTICES * 


Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the non- volatile memory which can use a ferroelectric for the gate of a 

transistor and can control the current between source-drains directly about a semiconductor storage element. 

[0002] 

[Description of the Prior Art] There are volatile memory which can memorize information only while switching on the power 
supply, and non-volatile memory which can memorize information also in the state where the power supply was severed in a 
semiconductor storage element. As volatile memory, DRAM (Dynamic Random Access Memory). SRAM (Static Random 
Access Memory) It is. as non- volatile memory A mask ROM (Mask Read Only Memory), PROM (Programmable Read Only 
Memory), EPROM (Erasable Programmable Read Only Memory) and EEPROM (Electrically Erasable and Programmable Read 
Only Memory) etc, - it is 

[0003] Also in such non-volatile memory, EPROM and EEPROM are ROMs which can rewrite the content of storage like RAM, 
and what takes the MOS-FET (MOS type electrolysis effect transistor) structure which has the floating gate between the control 
gate and a channel is common. The hot electron produced when EPROM irradiates ultraviolet rays, the carrier in the floating gate 
is made to emit, elimination operation is carried out and the high voltage is applied between the control gate and a drain carries 
out write-in operation using remaining in the floating gate. Elimination operation can be carried out in EEPROM, without 
irradiating ultraviolet rays. 
[0004] 

[Problem(s) to be Solved by the Invention] However, above-mentioned floating-gate type MOS-FET writes in, and is msec, in 
elimination operation. The high electric field of the time of order and 107 V/cm order are needed. For this reason, in EEPROM, 
writing in the same cycle and elimination operation cannot be realized like the usual DRAM, and a power supply with high 
voltage is also needed, 

[0005] moreover, the structure with which many of FRAMs (Ferroelectric Random Access Memory) to which development is 
advanced recently replaced the capacitor of DRAM to the ferroelectric capacitor - carrying out - **** (ram TRON corporation 
JP,2-1 1 3496,A) — writing in — elimination and read-out operation — any — although — since it is accompanied by polarization 
reversal of a ferroelectric, defatigation of a ferroelectric is intense Moreover, it is necessary to form a transistor and a capacitor 
separately, and becomes disadvantageous for the formation of area reduction. 

[0006] this invention is performed to solve the unsolved technical problem which such a Prior art has, and there is little 
defatigation of high speed and a ferroelectric, and it offers the non-volatile memory suitable for area reduction-ization ~ it aims at 
things ^ 
[0007] 

[Means for Solving the Problem] In the gale electrode section in the transistor formed on the semiconductor single crystal 
substrate, in this semiconductor single crystal substrate and an interface, the mismatch of the interatomic distance in a unit lattice 
grows epitaxially 30 or less % of oxide thin film at this semiconductor single crystal substrate top, and the semiconductor storage 
element according to claim 1 for attaining the above-mentioned purpose is a semiconductor storage element characterized by 
having the structure which carried out the laminating of the ferroelectric thin film of high orientation one by one at a it top fiirther. 
[0008] Here, a mismatch expresses the gap with the interatomic distance in the unit lattice of the substrate in an interface, and the 
interatomic distance in a membranous unit laUice with %. 

[0009] moreover, in a claim I, a semiconductor storage element according to claim 2 as a semiconductor single crystal substrate 
used for the aforementioned element Si single crystal substrate is used, as an oxide thin fihn CeO 2 or a yttrium-oxide 
stabilization zirconium oxide. Or Y2 03 or Zr02 As a ferroelectric thin film of high orientation used for the aforementioned 
transistor gate, using an epitaxial thin film PbTi03, PbZrTi03, or PbLaZrTi03 It is the semiconductor storage element 
characterized by using a thin film. 
[0010] 

[Function] If it is in invention according to claim 1 , the gate electrode section in the transistor formed on the semiconductor single 
crystal substrate is the gate electrode of the electrolysis effect type yansistor aiming at turning on the flowing current and turning 
off between the source formed of impurity diffusion on the semiconductor single crystal substrate, and drains. 
[001 1] Moreover, it sets to this semiconductor single crystal substrate and an interface on this semiconductor single crystal 
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subslrale. Thai tlie mismatch of the distance between unit-lattice Nakahara children grows epiiaxially 30 or less % of oxide thin 
1 * film In each crv'slal face which forms the interface of a semiconductor single crystal subslrale and an oxide Ihin film It says selling 

an oxide thin film from which the difference between the distance between one pair of the unit lattice of a semiconductor single 
crystal substrate of atoms and the distance between one pair of the unit lattice of an oxide thin film of atoms becomes 30 or less % 
in a semiconductor single crystal subslrale surface side, and growing up the anisotropy of crystal orientation strongly. 
[0012] in the MgO thin film formation on Si single crystal substrate (about 22.5% of mismatches), and the MgO thin film 
formation on a GaAs single cr>'stal substrate (about 25.5% of mismatches), although it checked growing epitaxially, it has a 
mismatch exceeding 30% - combining coming out -- it was not able to be made to grow epitaxially 

[0013] About the anisotropy of the thin fihn within this substrate surface side, it can check by observing the diffraction figure by 
RHEED (refleciion-high-energy-eleclron-diffraction method). Furthermore, carrying out the laminating of the ferroeleclric thin 
film of high orientation one by one on it says making the laminating of the anisotropy of crystal orientation carry out 
perpendicularly strongly to this oxide thin fihn fi-ont face on this oxide thin fihn. 

[0014] The current between source-drains can be turned on and turned off by reversing the spontaneous polarization of a 
ferroelectric using the gate electrode which becomes this invention. In order to reverse the spontaneous polarization of a 
ferroelectric, it is necessary to impress voltage between the substrate-gates, between the drain-gates, or between the source-gates. 
The reversal speed of the spontaneous polarization of a ferroelectric is very quick, and can obtain about the same rewriting as 
DRAM, and the working speed of elimination. Moreover, since it is not necessary to form the capacitor other than a transistor, it 
becomes advantageous to the formation of area reduction. The oxide thin fihn prepared between a single crystal substrate and a 
K ferroelectric thin film is indispensable in order to prevent a single crystal substrate and a ferroelectric thin fihn carrying out 
counter diffusion, and a ferroelectric deteriorating. 

[0015] As a semiconductor single crystal substrate used for the above-mentioned element if it is in invention according to claim 2, 
Si single crystal substrate is used and it is Ce02, YSZ (yttna stabilization zirconium oxide), Y2 03, or Zr02 as an oxide thin 
fihn. An epitaxial thin fihn is used. These oxide thin fihns fulfill the mismatch conditions of the interatomic distance in the unit 
lattice in an interface in a claim (1), and can actually grow epitaxially on Si single crystal substrate. Moreover, in order that this 
may operate as a tunnel oxide fihn, and may transmit the single crystal nature of Si single crystal substrate to the upper layer, in 
order to fully impress voltage to a ferroelectric thin fihn, in case the spontaneous polarization of a ferroelectric is reversed, and it 
may carry out high orientation formation of the upper ferroelectric thin fihn, it is indispensable. 

[0016] Moreover, as a ferroelectric thin film of high orientation used for the above-mentioned transistor gate, although the thin 
fihn of PbTi03, PZT (PbZrTi03), or PLZT (PbLaZrTi03) is used, these ferroelectrics form an orientation fihn on this oxide thin 
fihn. 

[001 7] According to these structural features, the spontaneous polarization of a ferroelectric thm fihn can be reversed, the current 
between direct source-drains can be turned on and turned off, and the operation as non-volatile memory can be carried out. 
[001 8] Moreover, suitably, on this semiconductor single crystal substrate, in this semiconductor single crystal substrate and an 
interface, the mismatch of the distance between unit-lattice Nakahara children is 30 or less %, and the mismatch of the interatomic 
distance concerned can grow epitaxially 5 or less % of oxide thin fihn a with a periods of less than five integer period mutually. In 
each crystal face in which this forms the interface of a semiconductor single crystal substrate and an oxide thin fihn, the difference 
between the distance between one pair of the unit lattice of a semiconductor single crystal substrate of atoms and the distance 
between one pair of the unit lattice of an oxide thin fihn of atoms is 30 or less %. And an oxide thin fihn fi-om which the difference 
m the length of the integral multiple (5 or less times) of the distance between one pair of the length of the integral multiple (5 or 
less tunes) of the distance between one pair of the unit lattice of a semiconductor suigle crystal substrate of atoms and the unit 
lattice of an oxide thin film of atoms becomes 5 or less % It says growing up the anisotropy of crystal orientation strongly into a 
semiconductor suigle crystal substrate surface side, 
[0019] 

[Example] Hereafter, the example of this invention is explained based on a drawing. 

[0020] Drawing 1 is drawuig having shown the basic structure of the element in one example of this invention from the 
cross-section configuration. Here, form that (A) pours a carrier into a ferroelectric from a substrate, and (B) show from the drain 
form of pouring a carrier into a ferroelectric. 

[002 1 ] It is here and, for the source and 3, as for an oxide thin film and 5, a drain and 4 are [ 1 / Si single crystal substrate and 2 / 
a ferroelectric thin fihn and 6 ] aluminum electrodes. 

[0022] First, it is Ce02 after heating this substrate at about 900 degrees C in the vacuum of lxl0-6Torr, usmg an n type Si (100) 
single crystal substrate with a resistivity [ cm ] of 2ohms as a substrate. Electron beam heating of the tablet is carried out, and it is 
Ce02 of about 200 A of thickness. The thin fihn was formed with vacuum deposition on Si substrate. This Ce02 When surface 
observation of the thin film was carried out by RHEED, some streak patterns could be observed and it has checked growing 
epitaxially mostly ( drawing 2 ), Si single crystal substrate and Ce02 The mismatch of a thin film of a lattice constant (interatomic 
distance equivalent to one side of a cubical unit lattice) is about 0.37%. Ce02 of 200A of thickness aluminum electrode was 
formed in the thin film front face by the vacuum deposition method, and the capacity-voltage (C- V) property was measured using 
this electrode. Consequently, a very good C- V property as shown in drawing 3 is acquired, and it is Ce02. It has proved that a 
thin film could use as a gate oxide film. 

[0023] Next, it is PbTi03 by the MOCVD method on Ce02 / Si (100). The thin film was formed. Pb (C2 H5)4 and Ti[i-OClhree 
H7] 4 It considers as material, and maintains at the temperature of 0 degree C and 30 degrees C, respectively, and they are 20 and 
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ili, f ^'^^P"^*'^'^';- Can-ier ^aterial .s carried by gas and i. .s 23cc/min. 02%e02/Si (100) substrate with a 
TtZZ y ^^^'"^^ «f degrees C .s sprayed, and is PbTi03. The thin film was fonned. Anlbien -presSe fo ce was about 
PbTi?3 nnnr^^^^^^ about 5000A. When analj^ed using X diffraction equipment, earring out oriemaTon to 

PbTi03 (100) and a lieid (001) strongly has checked this thin film ( drawing 4 ) 'cmaiionio 

i?^n!v^"'^T^''^' °" ^'^'^^^^ ^"^^ Ce02 / Si (100) front face bv the vacuum 

depostuon method and spontaneous polarization was searched for by the SOI YA tower circuit using this elecuSe itt^bou, 
ItoC cm2 from a view 5. Spontaneous-polarization density was' obtamed. Thereby, .t is fully a fe^LiS,^?pL?i03^^^^^ 
m^ S ir T ^'"^^^-^^•"s «f Si transistor can be turned on and turned off by spontaneous polanzation 
[0025 It IS actually the above-mentioned PbTi03 on between the source and a drain. Ce02 It fornis and they are ON of the 

;=rrasXrr"^'"^"'^^™^ 

[0026] 


t'nr^S'o!? T"*'"^ '^"^ explanation, the current between direct source-drams can be 
effect of being able to offer non-volatile memoiy with many predominance. 


[Translation done.] 
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